The study of solids by means of infrared and Raman techniques continues to be the main field of research. The relation of the optical properties with impurities in various crystal lattices are now being investigated, and mixed-crystal systems continue to be of interest.
Introduction
KTaO 3 crystallizes in the cubic perovskite structure (symmetry group Oh). X-ray data by Davis1 shows that samples with concentrations from zero to approximately 70% NaTaO 3 remain cubic at room temperature, with an almost linear decrease in lattice constant from 3.984 A-3.944 A. Further increase in sodium content causes the lattice constants to decrease sharply to show a well-defined A/B ratio. Initially, the structure becomes tetragonal, finally shearing to pseudo-monoclinic as the concentration approaches pure NaTaO 3 .
2 The dielectric properties of KTaO 3 lower. The work presented in this report tends to substantiate this claim.
The cubic perovskites, with 5 atoms per unit cell, necessarily possess 15N degrees 3-5 of freedom. Recourse to simple group theory predicts that at the center of the Brillouin zone these will consist of three triply degenerate infrared active (optic, symmetry Flu) modes, one triply degenerate infrared and Raman inactive (optic, symmetry F 2 u) mode, and one triply degenerate translational (acoustic, symmetry Flu) mode.
A further consideration, however, is the existence of long-range electrostatic forces between the component ions. 6 ' 7 These cause the boundary conditions for the longitudinal and transverse modes to differ,6 thereby lifting the degeneracy of optic modes of Flu symmetry.8 Thus the final description of the K = 0 phonon system of such crystals gives three doubly degenerate transverse optic modes and three nondegenerate longitudinal modes, one doubly degenerate transverse optic mode, which in turn is degenerate with a single longitudinal mode, and three accoustic modes (with w= 0). 9 10 Miller and Spitzer have studied the infrared active modes of pure KTaO 3 Since current neutron data are available only for A and X, estimates must be restricted to those. The possible contributions to a given Raman band may be further restricted by noting the behavior of intensity and frequency under temperature variation, and frequency with mass variation.
Also, the reduction in symmetry, ensuing with increasing Na concentration and the ferroelectric phase change, allows a first-order Raman spectrum and thus a further restriction of possible phonon combination on the basis of frequency dependencies thus discerned. Also of interest is the nature of the phase change itself and the behavior of the "soft" ferroelectric mode. This behavior seems to correspond quite well with the calculations of Anderson, 17 Cochran,18 and Nakamura, 1 9 and thus is important in the verification of the theory of displacive ferroelectrics.
Experiment
The (Nax/Klx )TaO 3 crystals used had x = 0, .12, .40, and .85 and were grown by the method used by Wemple, 2 0 modified as described by Davis. 
Results
The computed reflectance obtained from the interferometer was matched to the data of the grating instrument by renormalizing the reflectance given by the former to agree with that of the latter over the spectral region in which they both gave dependable data. This procedure could be done unambiguously in all cases, and generally resulted in quite reasonable values for the maximum in the low-level reflectivity and the value of the DC dielectric constant. Examples of the reflectance spectra thus obtained are presented in Fig. X-2 details of all samples and temperatures appear in Fig. X-3 . Each of the details in Fig. X-3 is the result of the average of at least two interferometer runs, and of as many as six. The reflectance spectra thus obtained were subjected to a KramersKr6nig (K-K) analysis, 2 2 , 23, 10 to obtain the real and imaginary parts of the dielectric constant (E' and E"), the conductivity (c-= E"v/2), the index of refraction, the extinction coefficient, and the absorption coefficient. A representative series of low-frequency conductivities is presented in Fig. X-4 .
The Raman spectra are the average of several retracings of the regions of interest.
Room temperature results for all samples are presented in Fig. X-5 , while Fig. X-6 shows the results for the entire temperature range for the sample nearest midrange of composition. Regrettably, a helium shortage on this run, together with the sample's current use in other work, has prevented an examination of the very low-frequency region and a series of polarization studies.
The Cary 81 is capable of running with either the conventional single slit or with a double slit for greater signal. The last is usable only above ~200 cm -1 . This accounts for the appearance of the Raman spectra presentation, the lower intensity plots below -1 300cm being single-slit results, and the remainder double-slit results. No effort has been made to renormalize one or the other of these for purposes of presentation, since the current form is considered more indicative of the quality of the results obtained.
Discussion
The principle objective of the infrared studies has been to provide the frequencies of the independent first,order lattice modes, to provide a starting point for the Raman -1 -1 studies. In Fig. X-2 Further evidence of this may be seen in the spectrum for (Na. Furthermore, since
where Eo is the DC dielectric constant, E0o is the high-frequency dielectric constant, w is the frequency of the transverse mode, w is the photon frequency, and y is the damping constant, we see that if the damping is small (y = 0), E' = 0 not only at w = w 1/2 o but also at w = 0 0 , which, by the Lyddane, Sachs, Teller relation, is a means of obtaining the LO mode of a single oscillator and is known as Drude's rule. Although not strictly applicable to multiple-oscillator systems, its use for finding the approximate LO 4 frequency is justified on the grounds that this oscillator is strong, not too strongly damped, and its frequency is well separated from the others, thereby reducing their effect on E'. The approximate LO 4 frequencies also appear in Table X-1. While it may be checked that the TO 1 (soft mode) frequencies for the sample with 85% NaTaO 3 -1 2 lie within experimental error (±5 cm -1 ) of those given by w2 cc (T -Tc), which is the 11 o c expected behavior, those for 40% NaTaO 3 cannot be expected to do so, for this data, since its Tc is approximately 55 0 K, and those for 12% NaTaO 3 would be expected to 1 deviate considerably, because of the non-Curie-Weiss behavior found by Davis.
Furthermore, exact data for this region is necessary for a meaningful camparison. For pure KTaO 3 this study has already been made.11 All that we can conclude, then, is that the assignments of the phonon contribution to the various bands will be consistent from one composition to the next. The final points of interest in Fig. X-5 are the bands marked W, Z, Y on the spectrum for 85% NaTaO 3 . These are interpreted as the TO 4 Phonon combination assignment and their frequency dependence on composition. Letters at right correspond to peak labels in Fig. X 4 , and LO 4 , respectively, and from Table X-l these frequencies can be seen to agree vary well with the bands seen in the infrared. This, then, is certainly the advent of a first-order spectrum caused by a symmetry change, and can be seen to occur at approximately the same temperature as the lower temperature minimum of the plot for 48% NaTaO 3 in Fig. X-1 , and it corresponds to Davis' conjecture. Nathans, and Minkiewiczl 6 for the assignment of the low-frequency modes.
Table X-2 lists those zone-edge frequencies that may be determined unambiguously on the basis of these assignments.
